We find that money managers could reduce portfolio risk by incorporating Environmental, Social, and Governance (ESG) criteria into their investment process. ESG-related issues can cause sudden regulatory changes and shifts in consumer tastes, resulting in large asset price swings which leave investors limited time to react. By incorporating ESG criteria in their investment strategy, money managers can tilt their holdings towards firms which are well prepared to deal with these changes, thereby managing exposure to these rare but potentially large risks.
Introduction
In this paper, we examine the consequences of adding Environmental, Social and Governance (ESG) criteria to money managers' investment process, focusing on the "E" part of ESG to illustrate the issues and mechanisms involved. The rapid growth of the global economy during the post-World War II era, especially over the past three decades, has strained the environment. 1 Much of this growth can be attributed to the rise of China, which went from being the seventh-largest economy in 1997 to the second-largest economy today 2 . To put the potential environmental impact into perspective, China now produces as much steel in a year as the entire world did in 1980. 3 Cumulative environmental stress has not only made environmental crises more severe and more likely to occur, but has also changed how governments and consumers respond. Now, when a crisis occurs, it is more likely to incite sudden changes in regulation and consumer behavior, causing large swings in asset prices over a short period of time.
Assessing such risks, and their impact on long-term returns, requires understanding how environmental crises, from global climate change to regional pollution, may lead to political disruptions and subsequent regulatory changes. Further, the concerns that lead to regulatory changes can contribute to the emergence of alternative technologies that pose a competitive threat to firms generating negative externalities.
If changes in regulation, technology and consumer tastes arrive quickly, investors will have limited time to react. Firms, however, are heterogeneously exposed to these risks.
Even investors who only care about maximizing returns subject to risk budgets can use 1 According to Olivier, Janssens-Maenhout, Muntean, and Peters (2016) global emissions of carbon dioxide increased by nearly 60% from 22.7 billion tonnes in 1990 to 36.2 billion tonnes in 2016. U.S. emissions increased marginally from 5.0 billion tonnes to 5.2 billion tonnes. In contrast, Chinese emissions increased from 2.4 billion tonnes to 10.7 billion tonnes. As Daniel, Litterman, and Wagner (2016) point out, the world has only one atmosphere with limited capacity for absorbing carbon dioxide -and it may become full.
2 We chose 1997, as this was the year Hong Kong was returned to China by the United Kingdom.
Chinese growth expanded rapidly post 2001, when it joined the World Trade Organization.
3 Data from Statistical Yearbooks of the World Steel Association 3 ESG criteria to identify firms which are well prepared to deal with changes in regulations and consumer preferences, as well as potential threats from new technologies.
To put our analysis into context, we start with the history of ESG criteria in investment decisions. 4 Next, we provide a brief background on current environmental issues, focusing on carbon emissions, which may shape regulatory policy through emerging political movements and coalitions. We then discuss two commodities which have a large impact on the environment through their consumption and production: coal and palm oil. For coal, producers and industrial/utility users are subject to stringent environmental regulations. The unexpected election of Donald Trump led stock market investors to expect significant deregulation of the coal industry, and coal firms' shares rose sharply.
For palm oil, which is primarily used to produce consumer goods, we find that voluntary commitments, presumably due to fear of consumer action, have altered the industry and regulatory changes may be on the horizon.
The coal and palm oil examples underscore the importance of considering regulatory risks that arise from ESG issues, particularly environmental concerns. The specific indicators that investors use to make decisions about environmental risks are, however, beyond the scope of this paper. 5 While there are ongoing debates about these measures' limitations, our evidence from the coal sector suggests that environmental regulations can lead to sudden large changes in stock prices within a short period of time. Further, the palm oil example illustrates the mechanism through which social preferences for public goods/bads may influence firms and investors' behavior. Investors may reduce portfolio risks by considering how these regulatory risks are reflected in their investment decisions -whether through new or existing ESG indicators.
4 As Garvey, Kazdin, LaFond, Nash, and Safa (2017) observe, firms may disclose more ESG policies when they are more exposed to controversies. An implication is that a tilting portfolio weights towards firms that disclose more may not necessarily lead to lower exposure to ESG related risks. Yale established its advisory committee on investor responsibility as suggested in Simon, Powers, and Gunnemann (1972) . However, the attention to environmental, social, and governance issues in investment decisions among professional money managers has only become widespread since the launch of the Principles for Responsible investment in 2006
by the United Nations. 8
The following factors have contributed to increased investor attention to ESG criteria.
First, firms may produce socially undesirable public bads, even when operating within the laws of the land, as regulation may take time to catch up with social concerns. For example, it took time for the public to realize that many cigarette advertisements were targeted at increasing addiction among the youth, and to enact legislation to regulate these advertisements 9
In response to these negative externalities, local protests and resistance, alongside global media shaming, can harm firms' images and hurt their profits -more easily now due to the increased use of social media by the general public 10 -increasing the risks Second, stocks are long lived assets, as most of the value is from cash flows that occur in the distant future. For example, from 1926-2015, less than 30% of the present value of the average 10-year investment in the S&P 500 index came from cash dividends received during the ten years following the investment (see Figure 1 ). Frazzini, Kabiller, and Pedersen (2013) 14 Consistent with the views of such investors, Hart and Zingales (2017) argue that maximizing shareholder value following the advice of Friedman (1970) is not necessarily the same as maximizing shareholder welfare, and advocate voting by shareholders on corporate policies. managers and firms to reduce negative externalities. Increasingly, investors are demanding total divestment from fossil fuel interests. 15
3 Environmental Issues
Carbon Emissions
There is a consensus among scientists 16 that excessive carbon emissions are a concern to society because they contribute to global warming. Climate change can threaten human health, well-being, and economic productivity, 17 as well as the world's biodiversity and natural ecosystems. 18 Bansal, Ochoa, and Kiku (2016) and Daniel, Litterman, and Wagner (2016) argue that there is a strong case for acting soon to reduce carbon emissions.
These threats are also increasingly recognized by the American and global public. 19
As a result, curbing carbon emissions is becoming a political and policy priority in international spaces such as the United Nations Framework Convention on Climate 
The Case of Two Commodities
In this section we discuss recent developments from two emblematic commodity sectors:
coal and oil palm. These two sectors have strong interests in activities that come into conflict with environmental sustainability, and as such have been at the forefront of managing and anticipating regulations.
Coal
Both regulation and deregulation can come fast, and if unanticipated, can lead to sudden moves in asset prices. In this section, we explore the effect of the 2016 US presidential election on coal firms.
One of Donald Trump's campaign promises was to end the "war on coal." According This list does not include every publicly traded coal-producing firm -for example, Hallador Energy (HNRG) is assigned a SIC code "9999" even though most of their revenue is from coal sales. This classification is likely the result of HNRG being a holding company with one coal subsidiary, one oil and gas exploration subsidiary, and one gas exploration subsidiary Given all these changes, one would expect coal firms to have performed strongly since Trump took office. Table 2 shows the cumulative returns for coal firms from November 2016 -March 2017. Almost all of them underperformed the market, most by substantial amounts.
One explanation for coal's poor performance, despite a favorable regulatory environment, is that the concerns which led to earlier coal regulation, also provided the necessary incentives for developing more environmentally friendly alternatives. It is clear now that regulation alone was not to blame for the coal industry's general decline over the past several years. In 2015, Goldman Sachs was already calling peak coal. According to Bloomberg, coal is being out-competed on price by natural gas, which has expanded with the development of hydraulic fracturing and horizontal drilling 38 . Finally, countries like
China are shutting down coal-fired electricity plants in response to the continued smog and toxic soil crises, affecting global demand for coal. This latter point underscores that even if some policies stand to deregulate environmentally damaging sectors in the short term, the longer term global trend is toward increased regulation over time. 38 Even with deregulation, the lost coal mining jobs may not return. To reduce costs and increase safety, coal mines have increasingly switched to self-driving trucks and drills. 
Palm Oil
The unpredictable regulatory changes that climate crises might provoke can increase risks for investors and firms. Even without impending regulations, many private firms voluntarily reduced emissions and improved environmental practices, partly in anticipation of future regulations, and partly as a matter of corporate social responsibility in response to consumer pressure. Such firms may offer a better risk return profile to long term investors, especially active portfolio managers with concentrated holdings. To illustrate, we examine the case of palm oil in Indonesia, and its connection to deforestation and global climate change.
Globally, between 10% and 30% of carbon emissions arise from deforestation and land use change, primarily in the tropics, where dense forests and organic soils store tremendous amounts of carbon in woody biomass. 39 When forests are cut, and usually burned, the majority of the carbon stored there is released into the atmosphere, exacerbating global warming, and removing the forests' crucial ability to recapture carbon from atmospheric carbon dioxide. The majority of such deforestation is caused by the expansion of agriculture.
Environmental groups and social justice advocates have set their sights on oil palm (Note: "oil palm" refers to the crop, while "palm oil" refers to the oil produced from the crop) in particular for its role in driving deforestation and climate change. Palm oil is a vegetable oil with many uses, ranging from cosmetics to foods. Indonesia became the leading producer of palm oil in 2006, overtaking Malaysia, producing 34 million tons of palm oil in 2016. 40 While it is difficult to know with certainty the amount of land dedicated to oil palm production, the latest estimates suggest that there are at least 8 million hectares in production. 41
Despite its proliferation, oil palm plantations have caused tremendous deforestation in Indonesia, particularly in the carbon-rich peat forests of Kalimantan (Indonesian The Norwegian government put $1 billion on the Warren, Hergoualc'h, Kauffman, Murdiyarso, and Kolka (2017) 47 Krol, Nechita, Van Leeuwen, Basu, Coheur, and Clerbaux (2016) 48 Tacconi Institute, Indonesian fires generated emissions during September and October 2015 that exceeded the average daily emission from all US economic activity (see Figure 2 ).
As the Indonesian government has struggled to address unchecked oil palm proliferation for a variety of reasons, 49 the private sector has taken matters into its own hands.
Companies like Unilever, Nestle, and McDonald's have committed to eliminating deforestation from their commodity chains, and pledged to cease buying palm oil from 49 Myers, Larson, and Ravikumar (2016) producers who cause deforestation. These firms buy a significant share of the world's palm oil -for example, Unilever alone buys 3% of global production. 
Conclusion
While the principal fiduciary responsibility of professional money managers is to maximize returns, they may reduce portfolio risks by considering their clients' Environmental, Social, and Governance (ESG) concerns. While it may appear that ESG considerations come at the expense of higher returns, we argue otherwise. Even those who care only about risks and returns may reduce exposure to systematic risks by incorporating ESG criteria into their investment process.
Given their increased severity and frequency, environmental crises are more likely to cause sudden changes in regulations, technology and consumer tastes. These rapid 54 Myers, Larson, and Ravikumar (2016) Hamilton (1996) for a discussion of the relation between oil prices and recessions. 58 See Lakonishok, Shleifer, and Vishny (1994) , Shleifer (2000) , and Piotroski (2000) . 59 The Sustainability Accounting Standards Board is working towards creating reporting standards.
Measurement issues, however, are still first-order. For example, over 70% of financial firms that went bankrupt in the 07-08 crisis, including those who were making many "low-doc" loans, had above average governance scores according to MSCI. Further, as supply chains continue to move overseas, it may become more difficult to measure a firm's true environmental impact. 60 For example, Dunn, Fitzgibbons, and Pomorski (2017) find that ESG criteria have predictive power for future realized risk, even conditioning on a sophisticated statistical model and well-known risk factors. 61 Frazzini, Kabiller, and Pedersen (2013) find that Berkshire Hathaway's alpha with respect to a 4-factor model is insignificant after adding low risk and high quality factors from Frazzini and Pedersen (2014) and Asness, Frazzini, and Pedersen (2014) .
